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342a Monday, February 4, 2013Mapping cell mechanical properties down to molecular level can both
refine our knowledge about cellular structures and reveal information about
biological functions like cell adhesion, proliferation and survival. Atomic
force microscopy (AFM) is a powerful method to probe materials at the
nanoscale. Although AFM has been used to image live cells and probe their
mechanical properties1, its resolution on cells is much lower than on stiffer
materials. To address this, we adapted Microsecond Force Spectroscopy2
to rapidly image mechanical properties of live and cross-linked fibroblasts,
neurons and Human Umbilical Vein Endothelial Cells in culture media or
buffer.
Mechanical properties images showed cellular features as small as 50nm, rep-
resenting an unprecedented resolution over a wide variation of cell types. The
enhanced resolution and speed of our method allowed the identification of
dynamic changes in elastic modulus of fine cellular structures, which did not
appear to be reflected in optical images of fluorescently-labeled actin, acquired
from the same cells. These changes might reflect a loss of tension in the actin
network underneath the cell membrane. Preliminary data further suggest that
our platform might allow the label-free recognition of stress fibers, retraction
fibers, Weibel-Palade bodies and microvilli solely based on nanomechanical
contrast. These developments extend the cell imaging capabilities of AFM
and highlight the value of mechanics in the delineation of cellular physiological
states. The compatibility of our method with human cells suggests that it can be
further developed as a diagnostic tool for the detection of disease-specific
cellular mechanical responses.
1-Casuso et al. J.Mol.Recogn. 2011; 24:406-413.
2-Dong et al. Nature Nanotechnology 2009; 4:514-517.
1752-Pos Board B644
Absolute Stoichiometry of the Nuclear Pore Complex
NiccoloBanterle, Alessandro Ori, Amparo Andres-Pons, Martin Beck,
Edward A. Lemke.
EMBL, Heidelberg, Germany.
The nuclear pore complex (NPC) is one of the largest macromolecular assem-
blies in eukaryotic cells and tightly regulates the transport between the cyto-
plasm and the nucleus. In order to unravel the structural details of the NPC,
an exact stoichiometry of its constituent proteins (NUPs) is needed. Mass spec-
trometry can be exploited to establish stoichiometric ratios of the NUPs, but in
order to trace absolute copy numbers it is necessary to quantify the number of
instances of at least one NUP. To achieve this goal, a gene replacement strategy
was combined with a quantitative PALM approach: one of the core proteins of
the NPC, namely NUP107, was genetically tagged with the photo-activatable
protein mEos2 and expressed in HEK293 cells where native NUP107 was
knocked down using micro-RNAs. For optimal signal to noise, NUP107-
mEos2 containing NPCs from functional purified nuclei were placed in the
evanescent field of a highly sensitive microscope. We then performed PALM
imaging of mEos2-NUP107 with an optimized photo-conversion scheme for
iterative activation and bleaching cycles assuring complete photo-conversion
of the sample. In order to retrieve the average number of fluorophores in
each pore, a computational workflow was designed to select isolated pores
from the resulting super-resolution images. The counted number of apparent
photo-conversion events in each pore was further corrected for fluorophore
blinking effect by statistical methods. Taking protein and mEos2 maturation
profiles into account, this allowed us to calculate the lower limit for the exact
copy number of NUP107 in each pore establishing the baseline for the stoichi-
ometry of the entire NPC.
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Non-invasive high-resolution imaging of cell populations in animal disease
models would greatly facilitate the development of cell-based therapies. Opti-
cal imaging of fluorescent proteins (FPs) that can be excited by red light in the
‘‘optical window’’ above 600 nm, such as the monomeric far-red FP mNeptune,
is one potential method for tracking implanted cells. However the utility of
red-absorbing FPs for tracking the fates of implanted cells has not yet been
explored. Here we report three new red-absorbing monomeric FPs obtained
by structure-guided mutagenesis of mNeptune. Two of these, mNeptune2
and mNeptune2.5, demonstrate improved maturation and brighter fluorescence,
while the third, mCardinal, has an additionally red-shifted absorbance spec-
trum. We show that mCardinal can be used to non-invasively visualize muscle
regeneration from myoblasts and stem cells in a mouse injury model with high
anatomical detail.1754-Pos Board B646
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We have developed a new approach for multiplex imaging of immunostained
cells to improve breast cancer diagnosis. For detection of fluorescence signal
we use a confocal laser scanning microscope with custom extension for multi-
parameter fluorescence image spectroscopy (MFIS)[1].
For the detection of tumor biomarkers a six fold parallel immunostaining pro-
tocol was developed, combining indirect immunolabeling with antibodies as
well as direct labeling with novel affinity binders (Affibody molecules). To
allow for separation of fluorescence photons from different markers, dyes
were selected that can be discriminated by considering both their spectral emis-
sion band and their fluorescence decay time using three patterns maximum
entropy fit. The massive amount of information contained in the identified
spatial intensity features from the six markers and correlations thereof necessi-
tate advanced bioinformatics to fully exploit the available information. We
used an analysis workflow to process the MFIS-data with the aim of training
a classifier for cancer diagnosis.
The method provided promising results to discriminate non-malignant breast-
and different breast cancer cell lines forming a basis for the analysis of individ-
ual cells in clinical fine needle aspirates (FNA) from the breast.
Applied to FNA samples MFIS can demonstrate its full potential in extracting
the necessary information for diagnosis out of a very limited number of cells.
In a further perspective, our approach offers a more objective alternative to the
currently common procedure of visual inspection of classical core biopsy
histological staining. Moreover, it can be transferred to different samples and
markers without major adaption of setup and analysis workflow to diagnose
different cellular diseases.
[1] Weidtkamp-Peters, S., Felekyan, S., Bleckmann, A., Simon, R., Becker, W.,
Ku¨hnemuth, R., Seidel, C. A. M.; Multiparameter Fluorescence Image Spec-
troscopy to study molecular interactions. Photochem. Photobiol. Sci., 8, 470-
480 (2009).
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Two-photon microscopy of endogenous fluorescence has proven to be a power-
ful method for quantification of tissue structure and biochemistry in 3D and
with micron resolution. In particular, autofluorescence of mouse brain tissue
provides potentially rich signatures for identifying brain anatomical regions
and structures without the need for traditional Nissl or other exogenous stain-
ing. We quantitatively investigate the identities and distributions of endogne-
ous fluorophores in whole mouse brains
using Serial Two-Photon (STP) tomogra-
phy. We vary the two-photon excitation
wavelength over the range of 720 to
980 nm while simultaneously performing
spectrally resolved imaging from 400 nm
to 650 nm and report on background auto-
fluorescence for use in segmenting, con-
structing brain atlases, and identifying
specific neuronal regions.
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Monday, February 4, 2013 343aHere we use a non-invasive method to measure the metabolic phenotype of sin-
gle colon cancer cells in vivo. By using NADH as optical biomarker and the
phasor approach to Fluorescence Lifetime microscopy (FLIM) we identify can-
cer metabolism related to different rates of glycolysis, cell growth and prolif-
eration of cells. We perform label-free Phasor FLIM on living and actively-
perfused xenograft tumors. Colon cancer cells are injected subcutaneously
into immune deficient (NSG) mice and tumors are allowed to grow for three
weeks. The tumor vasculature is labeled by injecting TRITC Dextran into
the tail vein and xenografts are exposed via a skin flap, still perfused by their
feeder vessels.
FLIM distinguishes collagen fibers, the tumor stroma, adipocytes, blood vessels
and single cancer cells within the living tumor. By measuring NADH lifetime,
we quantify the relative concentration of free and bound NADH in single can-
cer cells, which reflects the cellular redox NADH/NADþ ratio and balance of
oxidative phosphorylation and glycolysis. We investigate the tumor microenvi-
ronment by characterizing the distribution of the metabolic fingerprint of single
colon cancer cells and by mapping the three-dimensional metabolic heteroge-
neity of the tumor at different distances from blood vessels.
Our method permits a non invasive measurement of single cancer cell metab-
olism in a living intact tumor microenvironment. It allows monitoring of spatial
and temporal dynamic changes of tumor metabolism upon different physiolog-
ical conditions such as blood flow, tissue oxygenation levels, nutrient availabil-
ity and drug delivery.
Work supported by NIH-P41 P41-RRO3155, P50-GM076516, NIH RO1,
HD49488, NIH PO1 HD47675.
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Hypertension only exists in living animals. Administration of Angiotensin II
(Ang II) to animals increases blood pressure. One of the major effects of
Ang II is to cause vasoconstriction via directly activating the Ang II type-1 re-
ceptor (AT1R) in blood vessels. The aim of this study is to determine whether or
not chronic Ang II infusion evokes conduit arterial constriction in vivo, and if
so what the underlying mechanisms are. Ang II (400 ng/kg/min) or vehicle (sa-
line) was continuously infused for 2 weeks by subcutaneously implanted os-
motic mini-pumps in exogenous myosin light chain kinase FRET biosensor
mice. Blood pressure, measured with an intra-carotid artery catheter under iso-
flurane anesthesia, was significantly elevated in Ang II-infused mice. Mid-thigh
femoral arteries were slightly dissected and superfused with physiological sa-
line solution. Simultaneous in vivo arterial diameter and quantitative cytoplas-
mic [Ca2þ] in smooth muscle cells within intact arteries were measured. Under
resting condition, femoral arteries from Ang II-infused mice exhibited signifi-
cantly increased basal tone and cytoplasmic [Ca2þ]. Local application, in the
superfusion solution, of phentolamine (1 mM), a non-selective a adrenoceptor
antagonist, and prazosin (100 nM), a selective a1 adrenoceptor antagonist,
caused significantly more relaxation and [Ca2þ] reduction in Ang II than in ve-
hicle group. Dose-dependent vasoconstriction induced by an a adrenoceptor
agonist, phenylephrine, however, was similar, suggesting a lack of expression
or sensitivity change of the local adrenoceptor. In contrast, acute Ang II-
induced vasoconstriction was reduced in chronic Ang II-infused mice, suggest-
ing a possible down-regulation of AT1R. These results indicate that, in chronic
Ang II-infused mice, albeit the reduced acute vasoconstrictor response to Ang
II, there is an increased sympathetic adrenergic tone of femoral arteries, which
correlates with blood pressure elevation. (AHA SDG0735461N, NIH R01
HL107654).
EPR Spectroscopy
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The physical and material properties of chromatin appear to influence gene ex-
pression by altering the accessibility of proteins to the DNA. The fundamental
unit of chromatin, the nucleosome, consists of DNAwrapped around a core his-
tone octamer protein. The tails of the histone proteins are flexible domains that
are thought to play a role in regulating DNA accessibility and compaction;
however the molecular mechanisms for these are not understood. using SiteDirected Spin Labeling and Electron Paramagnetic Resonance (CW-EPR),
we probe the dynamics of the histone tails within chromatin. The goal of this
study is to further understand the function of histone tails and the part they
play in gene regulation.
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The p53 response elements (RE) are a family of DNAs that are specifically rec-
ognized by the tumor suppressor protein p53. Binding of p53 to REs leads to
transcription activation or suppression of a diverse set of genes that regulate
a number of key biological processes. The molecular basis of p53-RE interac-
tion has been a topic of intensive studies, however, it remains unclear how this
one p53 protein can specifically recognize a large number of DNA targets in
order to elicit diverse functions. As sequence dependent properties of DNAs
are a key determinant in protein-DNA interaction, information on local struc-
ture and dynamic features in p53 RE is important in deciphering p53-RE
recognition. Towards this goal, we report results on probing p53-RE using
site-directed spin labeling, where a site-specifically attached nitroxide radical
is monitored to obtain structural and dynamic information of the parent macro-
molecule. A nucleotide-independent labeling scheme is used to scan the nitro-
xide along RE sequences, and continuous-wave electron paramagnetic
resonance spectroscopy is used to monitor the rotational motion of the nitro-
xide, which encodes DNA structural and dynamic properties at the labeling
site. Spectral variations have been observed, with analyses of which reveals
sequence-specific local environment within the RE. This will aid in understand-
ing p53 recognition of target DNAs.
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The development of EPR site-directed spin-labeling (SDSL) techniques has
provided a powerful avenue for the study of membrane protein structure and
dynamics. One of the advantages of EPR is the ability to obtain distance and
dynamic information about particular protein regions. The accuracy of this
information is highly dependent on the spin-label that is used. Labels with
less inherent mobility are better reporters of protein backbone dynamics and
give more sharply defined distance parameters. TOAC is a commonly used
rigid spin-label that can be integrated into the protein backbone as an amino
acid analog. However, its current use is limited to the study of small peptides
that can be only generated synthetically (solid-phase peptide synthesis). A new
biochemical approach for incorporation of non-natural amino acids during
translation using a synthetically loaded amber suppressor tRNA has success-
fully generated TOAC-labeled protein but not in sufficient yields for EPR
studies. Here, we describe the use of an amber codon suppressor tRNA
and a continuous exchange cell-free (CECF) expression system for in vitro
translation of a small thylakoid membrane protein, Tha4, containing site-
specific integration of TOAC. Further, we demonstrate successful incorpora-
tion of the TOAC-containing Tha4 into liposomes by supplying POPC vesicles
during the translation reaction. By combining new techniques in suppressor
tRNA and continuous exchange cell-free (CECF) translation, we have
developed a method for translation of full length proteins with site-directed
insertion of non-natural amino acid spin labels in yields applicable to
CW-EPR experiments.
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A novel approach is being developed to probe the secondary structure of mem-
brane proteins and peptides qualitatively utilizing the three-pulse Electron
Spin Echo Envelope Modulation (ESEEM) pulse sequence. The a-helical
M2delta subunit of the acetylcholine receptor incorporated into phospholipids
bicelles has been used as a model peptide. In order to demonstrate the practi-
cality of this method, a cysteine mutated nitroxide spin label is positioned 1, 2,
3 and 4 residues away from two types of deuterated Leu side chains (denoted
iþ1 to iþ4).
The characteristic periodicity of the a-helical structure gives rise to a unique
pattern in the ESEEM spectra. So far, this method has been successful with
2H-labeled Val and Leu. The deuterium modulation depth is significantly
